Tetraparental (allophenic) mice, made chimeric at the eight-cell stage by joining two embryos from histoincompatible parental strains, were examined by a microcytotoxicity test. The results indicate that parental-strain fibroblasts are more effectively destroyed in vitro by lymph node cells from the tetraparental mice than by lymph node cells from the F1 hybrid or either parental stain. The destruction by tetraparental lymph node cells is indistinguishable from that mediated by lymph node cells from previously immunized allogeneic animals. It can be prevented by serum from the tetraparental mice, but not by sera from the F1 hybrid or the parental strain animals. The results suggest that a concomitant immunity and serum blocking effect, rather than a central failure of the immune response, may mediate some aspects of normal tolerance.
A question of fundamental importance to immunology is how the organism can reject grafted homologous tissue while remaining tolerant to itself. The existence of occasional spontaneous and experimentally induced autoimmunity indicates that the genetic information to respond against self is not lacking. Rather a specific mechanism of tolerance must exist to prevent the antiself reaction. Many proposals have been made to account for this mechanism. Perhaps the most widely accepted one has been the "forbidden clone" concept, which states that when a clone of cells arises that is capable of recognizing and reacting against self, that clone is eliminated (1) (2) (3) . Special circumstances exist which indicate that this proposal does not explain all tolerance phenomena. Thus, cases are known in which individuals that are "tolerant" in vivo possess immune cells capable of destroying the tolerated tissue in vitro, but also have in their serum blocking factors, as yet only partially characterized, which can prevent the in vitro destruction (4) (5) (6) .
A particularly striking example concerns a classical model of tolerance, mice injected neonatally with adult bone-marrow cells from another strain. When such mice become adults, they are in most cases unable to reject skin grafts from the donor strain (7, 8) . This has been interpreted to mean that the host animals contain no cells capable of mounting an immune reaction against the donors. However, when host lymph-node cells (LNC) are mixed with donor type fibroblasts in vitro, specific destruction of the fibroblasts takes place, and this destruction can be prevented by serum from the tolerant hosts (5), in agreement with Voisin's suggestion that allograft tolerance is mediated by blocking factors in the serum (6) . Since the tolerance was induced after the imAbbreviation: LNC, lymph node cell(s). mune system had appeared ontogenetically, one can still argue that this situation has no bearing on the normal mechanisms of tolerance to self antigens.
Tetraparental (allophenic) mice provide a favorable experimental model to examine this question, because they are formed from the fusion of two mouse embryos at the eightcell stage, derived from different and usually histoincompatible inbred lines (9) (10) (11) (12) . These mice grow to adulthood and have apparently normal longevity, while in general retaining both cell lines in all tissues tested. Mintz and Silvers demonstrated, not surprisingly, that such mice can permanentally accept skin grafts from both parental strains while remaining normally competent to reject third-party grafts (13) . They are therefore operationally tolerant, and the tissue mixing is accomplished long before the ontogenesis of the immune system. Since the "forbidden clone" hypothesis predicts that tetraparental mice would not possess immune LNC capable of destroying parental strain target cells in vitro, we decided to test this prediction using a microcytotoxicity test which in principle is a modified colony-inhibition assay (5) . In this paper we present evidence from in vitro experiments that tetraparental mice, having the parental genomes in separate cells, do indeed possess LNC reactive against parental-strain fibroblasts. These mice also have a factor in their serum which prevents the immune LNC from reacting with the parental-strain target cells.
MATERIALS AND METHODS Tetraparental mice
Methods for producing tetraparental mice are published (see refs. 12 and 13) , and a detailed protocol is available from T.G.W. The proportions of C57BL/lOSnJ to C3H/HeJ coat color was estimated as previously described (12) , and the hemoglobin mixture was quantitated by a method developed by Dr. A. Shaw (Shaw and Wegmann, in preparation). This method is based on previous work (12) , and involves densitometry of polyacrylamide gels containing the hemoglobin, which gives strain-specific banding patterns. The 95% confidence limits of the estimates are i 5% or better.
Microcytotoxicity assay
A detailed description of this technique can be found in an earlier paper (5 6 . In both cases, the wells that contained the tetraparental LNC showed a reduction in the number of C57 fibroblasts per well that was significantly more than was seen after exposure to C3H LNC (P < 0.0001 and < 0.001, respectively).
Second, LNC from tetraparental mice reduce the number of C57 fibroblasts per iell as compared to C57 LNC. In Table  2 , the appropriate comparisons are between rows 2 and 10 and between rows 1 and 9 (P < 0.07 and < 0.005, respectively). !.
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.P. Destruction of parental strain fibroblasts by tetraparental LNC and its blocking by tetraparental sera, as compared to target fibroblasts exposed to isogeneic ("iso," Fig. 1A ) or allogeneic ("allo," Fig. 1B ) parental strain LNC. In each case, the control value for the mean number of remaining target fibroblasts per well is set at 100%. A depicts the relative destruction of target fibroblasts by tetraparental LNC in the presence of isogeneic serum (white bars) or of tetraparental serum (black bars). The control represents, in this case, fibroblasts that have been exposed to isogeneic LNC and isogeneic serum. This value is shown by the broken line at the 100% value on the ordinate. B shows destruction of target fibroblasts by tetraparental LNC in the presence of allogeneic serum (white bars) or tetraparental serum (black bars). The control set as the 100% value represents allogeneic LNC together with allogeneic serum. The numbers between the bars and the dashed lines denote the probability that the differences between the experimental and control values are due to chance variation. Tet, tetraparental.
Third, the reduction in the number of C57 fibroblasts by tetraparental LNC is comparable to that occurring with C3H LNC previously immunized to C57. In the experiment listed in Table 2 the immunization was achieved by making a C3H mouse pregnant by a C57 male. This is known from previous work to render the maternal LNC immune (4).
Comparing row 1 with row 12 or row 2 with row 13 shows that there is no difference in destruction between the tetraparental LNC and LNC from C3H pregnant by C57. In other experiments in which mice were immunized by injection of allogeneic spleen cells rather than by pregnancy, the results are the same, i.e. destruction was similar to that with tetraparental LNC.
Fourth, the reduction in the number of C57 fibroblasts can be blocked by adding C57-C3H tetraparental serum, but not by adding either C57 or C3H parental strain sera. The blocking effect of tetraparental serum is clearly seen if row 1 is compared to rows 4 and 5, and also row 2 to rows 4 and 10 (row 1 < row 4, P < 0.0001). The fibroblast count is restored to approximately the control values when tetraparental LNC are combined with serum from the same animal.
In summary, one can conclude from Table 2 that tetraparental LNC are capable of destroying parental-strain fibroblasts when compared to either parental type of LNC, and that the destruction can be blocked by tetraparental serum but not by parental strain serum. Fig. 1 shows that in general, there is a significant destruction of parental strain fibroblasts by tetraparental LNC (clear bars) and a blocking of this destruction by tetraparental serum (black bars). The only exception to this statement occurs in experiment no. 8 (Fig. 1A) . There, the target C57 lung fibroblasts were not destroyed by the tetraparental LNC as compared to isogenic control LNC. The tetraparental LNC did, however, destroy the target cells when compared to the allogeneic control LNC (Fig. 1B) Experiments were performed to see whether C57 X C3H F1 hybrid control LNC can destroy parental strain fibroblasts, and whether the sera from such mice can block destruction by tetraparental LNC. There was neither any demonstrable destruction with the F1 hybrid LNC nor any blocking with the hybrid sera.
To be sure that target-cell destruction by the tetraparental LNC is specific, such LNC were tested against human tumor cells, which can be destroyed by mouse lymphocytes immune to their specific antigens. Such third-party target cells were not affected by the tetraparental LNC.
Finally, another type of tetraparental mouse was tested in the manner outlined in Table 2 . One cell line of these mice was derived from the SJL strain-and the other from a CBA X C57BL F, hybrid. Both destruction of appropriate parentalstrain fibroblasts by tetraparental LNC and its blocking by tetraparental serum were observed, both occurring in a manner identical with that seen with the C57-C3H tetraparental mouse experiments. DISCUSSION We conclude from these experiments that tetraparental LNC can destroy parental strain fibroblasts in vitro, as compared to LNC from either unimmunized mice of the parental strains or from their F1 hybrids. The amount of destruction, although small, is highly significant and is indistinguishable from that mediated by previously immunized allogeneic LNC. It can be abrogated by serum from the tetraparental mice, but not by parental strain or F1 hybrid serum. Both the destruction and its blocking are specific, as demonstrated by third-party target cell studies. * Although similar phenomena have been observed in other types of experimental models, the demonstration of a concomitant cellular immunity and a serum-mediated blocking of that immunity in tetraparental mice is unique. This is because with tetraparental mice the histoincompatible cell lines are placed in contact about 6 days before the appearance of the yolk sac, where immune precursor cells appear for the first time in ontogeny (14) . One would, therefore, expect normal mechanisms of tolerance to be operative under these circumstances.
The present results, if confirmed, are in apparent violation of the major prediction of the "forbidden clone" concept of tolerance, namely that cells which arise in the developing organism and are potentially able to react against antigens elsewhere in the body are eliminated. They also suggest an alternative mechanism for avoiding autoimmunity.
The nature of the blocking factor in the tetraparental serum remains to be determined. By analogy with other systems, one might expect that it is either an antibody or, more likely, an antigen-antibody complex (15) . It is unlikely to be an antigen alone, because it is not demonstrably present in parental strain or F1 hybrid sera. However, even this cannot be definitely ruled out at the moment. Attempts to characterize the blocking factor are in progress.
Finally, although these results by no means rule out the idea that some forms of tolerance involve a central failure of the immune response, t they force a reevaluation of the extent to which serum blocking factors play a role in normal tolerance. The chimeras dealt with here have strong antigenic differences between their component cell lines. There is ample evidence for antigenic mosaicism of a weaker nature in biparental individuals (16) (17) (18) . One particularly striking example is female mice with X-chromosome-linked antigens (19) . Whether a concomitant cellular immunity and blocking applies to these situations remains to be seen.
